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ABSTRACT 


Information is presented to assist those interested in conductinq wind- 
tunnel testinq within the Lanqley Unitary Plan Wind Tunnel. Procedures, 
requirements, forms and examples necessary for tunnel entry are included. 


SUMMARY 

Procedures and requirements necessary for entry into the Lanqley Unitary 
Plan Wind Tunnel testinq is presented. Pertinent information relative to 
models, instrumentation, data acquisition, and required forms is also 
presented to assist interested researchers. Included are blank forms, with 
examples thereof, which are required to solicit and conduct a wind-tunnel test 
within the Lanqley Unitary Plan Wind Tunnel. 

INTRODUCTION 

The Lanqley Unitary Plan Wind Tunnel is a two test section, continuous- 
flow facility with a variable pressure, temperature and Mach ranqe from Mach 
1.50 to 4.63. The facility was constructed under the Unitary Plan Act of 1949 
(ref. 1). Brief descriptions are presented in the facility compilations of 
references 2, 3, and 4 and a more detailed description is presented in 
reference 5. 

The basic elements of the Lanqley Unitary Plan Wind Tunnel are a 100,000- 
horsepower compressor drive system, a dry air supply and evacuatinq system, a 
coolinq system, and the necessary interconnectinq ductinq to produce the 
proper air flow throuqh either of the two test sections. 

The low-ranqe test section (number 1) has a desiqn Mach number ranqe of 
from 1.50 to 2.86. The staqnation pressure can be varied up to a maximum of 
approximately 60 psia. The hiqh-ranqe test section (number 2) has a desiqn 
Mach number ranqe of from 2.30 to 4.63. Its maximum staqnation pressure is 
approximately 150 psia. 

The drive system consists of a 20,000-horsepower liouid-rheostat- 
controlled wound-rotor startinq motor drivinq throuqh a qear box to the main 
drive line-up. This line-up consists of a 63,333-horsepower synchronous motor 
drivinq six larqe-capacity centrifuqal compressors. The combined maximum 
overload capacity of the two motors is 100,000 horsepower for 30 minutes. The 
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compressors can he arranged in five different configurations by valves in the 
interconnecting ducting in order to provide the wide range of volume flows and 
compression ratios reguired for the two test sections. Since the capacity of 
the drive system will supply one of the test sections at a time, they cannot 
be operated simultaneously. The system that supplies air to the tunnel 
consists of compressors, vacuum pumps, and air dryer and air storage 
vessels. It supplies air to the tunnel at a dewpoint of lower than -65° and 
at the reguired stagnation pressure, and provides for evacuation and 
recharging of the tunnel or portions thereof for purging and starting. 

TEST SECTIONS 

Both test sections are of the asymmetric sliding-block, closed-working 
section type; the working section (region in which model is mounted) is 4 feet 
high, 4 feet wide, and approximately 7 feet long. Each test section will 
permit variation of Mach number at any desired increment throuahout its range 
with the tunnel operating. Both stagnation pressure and stagnation 
temperature may be controlled independently. Access to each test section is 
provided by two doors which form the sidewalls of the test sections. The 
doors are rectangular and made up of nine strips of optical plate glass, each 
5-1/2 inches wide and separated from each other by 1-1/4 inches of supporting 
structure. This arrangement permits the attainment of a large field of view 
while retaining excellent optical gualities. An alternate set of solid steel 
doors is available for sidewall model mounts and heat transfer tests. In 
addition, each test section is provided with an access hatch in the region of 
the diffuser. 

Electric power is available at 110 and 440 volts alternating current and 
12 and 24 volts direct current. Other power supplies, either alternating 
current or direct current, can be furnished only by special arrangement. 

Many methods have been used to support models and probes depending on the 
objective of the test. The basic mechanism is the horizontal wall-mounted 
strut which is capable of forward and aft travel of 36.25 in. in the 
streamwise direction. To this strut is attached a sting support which has 
traverse and sideslip motion of ±20 in. and ±12° respectively. Forward of the 
sting support is the angle-of-attack mechanism which provides pitch motion 
from -15° to 30°. Just upstream of the pitch mechanism is the roll mechanism 
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which provides continuous roll motion within a 310° ranqe. The model is 
mounted to the roll mechanism by means of a sting. A wide assortment of stinq 
sizes and lengths are available to provide specific model position and load 
requirements. Tn addition to several alternate pitch mechanisms, one of which 
can provide up to 9o° angle of attack, there are assorted angular couplings 
and "dog-leg" or offset stings. 


WIND-TUNNEL MODELS 

The actual dimensions of models to be used depend upon so many factors 
that each case must be considered separately. The recommended maximum 
dimensions of a model for each of the test sections are listed in the 


following table: 

Low Mach number 

High Mach number 


test section 

test section 

Body diameter 

7 inches 

12 inches 

Body length 

30 inches 

60 inches 

Wing span 

20 inches 

34 inches 


The model dimensions are the maximum dimensions that will permit testing 
at a Mach number of 1.5 in the low Mach number test section and 2.3 in the 
high Mach number test section over an anqle-of-attack range from -2° to 20° 
and over an angl e-of-sideslip range of ±12°. The maximum anqle-of-attack 
ranqe at any Mach number, in either test section, is from -13° to 28°. The 
use of larger models will reduce the allowable range of test anqles. 

Preliminary estimates of the anqular range for a model at other than the 
above Mach numbers can be made usinq test section dimensions and conventional 
theoretical calculating methods for determining the reflected wave lenqth. 

The starting loads shall be assumed to be twice the maximum loads 
resulting from the maximum starting steady-state dynamic pressures. The 
maximum starting steady-state dynamic pressures correspond to a stagnation 
pressure of 5 psia and are 309 psi in the low Mach number test section and 184 
psi in the hiqh Mach number test section. 

The models designed for inlet investigation shall duplicate the full- 
scale configuration for sufficient distance to assure inlet and boundary-layer 
flows corresponding to the full-scale configuration. All canard surfaces and 
other appurtenances to the forebodv shall be included. Ducts through the 
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fuselage or nacelles shall he simulated to the extent that air can flow 
through them with the design mass-flow ratio. Mass flow shall be controlled 
by chokinq a nozzle in the model. In scalinq down the model any houndary- 
layer bleeds shall be modified to correct for the difference in Reynolds 
number. Provision shall be made for the installation of dynamic pressure 
pickups on the model at locations such that indication of incipient flow 
instability (buzz) can be ohtained. 

INSTRUMENTATION 

strain-qaqe balances used in the Lanqley Unitary Plan Wind Tunnel will 
qenerally be stinq supported. The selection of a balance will be made at the 
time of the initial conference preparatory to the tests. Normally the balance 
will be furnished by the Lanqley Unitary Plan Wind Tunnel. These balances 
will satisfy the requirements of most airplane and missile confiqurations. 
Other balances with maximum normal forces up to 2,000 pounds and different 
distributions of force and moment ranqes can be made available in most cases 
i f necessary. The pitch center of the balance should be placed as closely as 
possible to the center-of-qravity location for the full-scale aircraft. 

All calibration fixtures and supplementary equipment necessary for a 
complete calibration of the balance in the model and a determination of the 
aliqnment of the model and the balance will be furnished by the user. The 
user will also furnish all calibration fixtures and equipment for calibration 
and positioninq of all control surfaces and all surfaces to be investiqated. 

DATA ACQUISITION 

The data acquisition room is located between the two test sections in the 
Lanqley Unitary Plan Wind Tunnel Facility. This room contains two MODCOMP 
32/RS computer systems with associated peripherals (terminals, printers, 
disks, maqnef.ie tapes, etc.) networked toqether. Each computer system is part 
of a data acquisition system which includes D/A converters, analoq and diqital 
patchboards, control consoles, etc. 

The computer equipment records raw data durinq the wind-tunnel tests and 
provides real-time enqineerinq units computations which are printed, plotted, 
and stored as each data point is recorded. This allows the test enqineer to 
validate data as it is beinq recorded and to be certain that his test 
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objectives are beinq met. At the end of the test, the raw data are edited and 
recomputed as final data. 

The experimental data files are stored both on disk and on maqnetic tape 
point by point as each data point is beinq recorded (typically, fin frames of 
data for each test point). Also, each channel scanned is listed on a 
lineprinter with setup information. A typical test consists of several 
hundred data points and qenerates 10,000 to 100,000 records. 


ORGAN I ZAT I ON 

The NASA Lanqley Unitary Plan Wind Tunnel (UPWT) is located in building 
1251 at Lanqley Research Center (LaRC) . THe facility is managed by the 
Applied Aerodynamics Group (AAG) of the Supersonic/Hypersonic Aerodynamics 
Rranch (RHAR) , High-Speed Aerodynamics Division (HSAD). Additional support is 
supplied by the Data Systems Group (DSG) of the SHAB/HSAD and the Operational 
Support Division (OSD). 

Tunnel operations require the active involvement of seven (7) technicians 
and three (3) enqineers. Technician support is provided by OSD of LaRC. Two 
of the three enqineers are provided by HSAD for the supervision and 
coordination of activities within the UPWT test sections and the Data 
Acquisition Room (DAR). In addition, an enqineer is to be desiqnated by the 
sponsorinq aqencv or orqanization (NASA, Department of Defense, or Contractor) 
as project enqineer for the test that is to be conducted. The titles and 
qeneral responsibilities of the assiqned enqineers are as follows: 

Project Engineer - Responsible for the solicitation, definition and 

support, of the research test project. Provided by the 
sponsorinq orqanization or aqency. 

Test Enqineer - Responsible for directing and coordinating the 

activities in both the UPWT test sections and the DAR 
to ensure safe, reliable and efficient operation. 
Provided by AAG/SHAB/HSAD , 

Data Systems Analyst - Responsible for DAR computer proqraminq for "on-line" 

data acquisition, data reduction and preliminary data 
analysis. Provided by DSG/SHAB/HSAD. 
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PROCEDURES AND REQUIREMENTS 

Prior to entry into either test section of the UPWT, for the purpose of 
conducting experimental wind-tunnel testing, certain procedures and 
requirements are to he followed and met. The purpose of this publication is 
to complement the information contained in reference 4 and to provide 
information relative to present requirements. Included are instructions and 
necessary forms, with examples thereof, that are to he prepared by the Project 
Engineer and delivered to the Test Enqineer prior to tunnel entry date. 
Additional information and assistance, if needed, can he obtained from either 
the Test Enqineer or the OSD Lead Technician. Specific duties and 
responsihi lities of the Project Enqineer are as follows: 

1. Six (6) months prior to the desired tunnel entry date. 

a. Solicitation of tunnel test time is to be requested from the Facility 
Manaqer. This requires the completion and submittal of a "Unitary Plan 
wind Tunnel Schedule Sheet" (enclosure 1). A copy of this form, alonq 
with "Guideline Information for UPWT Schedule Sheet" (enclosure 2), is 
included at the rear of this publication. A preliminary test review 
meeting will be scheduled and held to establish test suitability, 
length and priority. The Project Enqineer should determine at this 
time the availability, number, capacity and type of instrumentation 
that will he required to conduct the requested test program. 

2. Three months prior to the desired tunnel entry date. 

a. Provide stress-analysis reports and/or other data to the Facility 
Manager. The selection and use of all model components, support 
hardware, instrumentation, etc. for all the test parameters requested 
must fully meet all safety requirements of both UPWT and those 
published in LaRC "Wind-Tunnel Model Systems Criteria", L.H.B. 1710.15. 

1. One month prior to the desired tunnel entry date. 

a. The model and a complete set of drawinqs shall be delivered to the 
UPWT. 

b. Ensure that all required instrumentation, special hardware, and model 
components are delivered to the UPWT. Both, the UPWT Test Enqineer and 
the OSD Lead Technician, are to be informed of any prior shop 
fabrication needed for test entry, i.e., pressure tube extensions, leak 
checks and identification, special wiring, cables, fittings, etc. 
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4. Two weeks prior to the desired tunnel entry date. 

a. Provide four (4) completed copies of the "Unitary Plan Wind Tunnel 
Project Installation Check Sheet" (enclosure da). This form is to he 
filled out in its entirety. See "Miscellaneous Information Relatinq to 
the upwt Project. Installation Sheet", enclosure 3h. 

b. Provide four (4) completed copies of the "Unitary Plan Wind Tunnel 
Operatinq Information" form (enclosure 4a). This form should include 
both, standard operatinq information and any optional test conditions 
which miqht become necessary because of tunnel chokinq, balance over- 
load, etc. "Operatinq Conditions" for the majority of wind tunnel 
tests in the UPWT are as follows: 


Test Section I 


Test Section II 


Mach Ranqe 
Rn/Ft 

Staqnation Temp. 


1.50 to 2.H6 
2.0 x 10 6 
125°F. Mode I-IA 
1 25°F • Mode I-II 


2.30 to 4.63 
2.0 x 10 S 

12S°F. Mode 2-II, III 
1 50°F. Mode 2- IV 


"upwt Operatinq Information" for these run conditions is included as 
enclosure 4h. Information outside the ranqe of enclosure 4b can be 
obtained from the Test Rnqineer or the UPWT DSG. 

c. Provide three (3) copies of "Unitary Plan Wind Tunnel Stinq-Balance 
Deflection Loads" form (enclosure 5a) when stinq-balance deflection 
constants are not available or need to be re-checked. Loads requested 
and limits must be indicated on the forms . In addition, balance 
information such as that shown in enclosures 5b, 5c, and 5d, is to be 
provided so that proper hook-up, a system span-check, and an axial 
force "dead-load" check can be made at the time of installation. This 
information can be obtained from either the UPWT DSG or the Instrument- 
Research Branch Ralanee Rnqineer. For safety reasons, requested loads 
should he limited to 450-500 pounds. For ease of computations, use the 
same applied loads for both Normal Force and Pitch Moment and the same 
for Side Force and Yawinq Moment. Moment output can be selected by 
choice of moment arm. The Test Engineer will compute the deflection 
constants after the stinq-balance loading. However, it is the 
responsibility of the Project Rnqineer to ensure that the results are 
reasonable and accurate. 
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d. Provide four (4) completed copies of the Electronic Scan Pressure 
System or Scanner-Valve Pressure Tube Hook-Up form (enclosure 6a and 
6b). 

Selection of type and number of pressure measuring devices must be 
coordinated with the AAG and DSG. The Project Engineer is responsible 
for determining the availability as well as the installation of all 
needed equipment. This is to be accomplished through contact with the 
Flow-Instrument Section of Wyle Laboratory, telephone 865-0000. It is 
routine practice, when possible, to identify and leak check all 
pressure connections through the data aguisition system before run 
start-up. 

e. Provide two (2) copies of a "Test Run Schedule" (enclosure 7a 
and 7b). This schedule requires the approval of the Facility 
Manager. No major additions or large changes are permitted without 
prior approval of either the Test Enqineer or the Facility Manager. 
Small changes, such as added data points during a run, shifting of 
configuration order, extra schliern pictures, etc., which would enhance 
or clarify the test data, are permitted. Request for additional data 
during a qiven run must be made prior to the beginning of a new run 
number. 

f. Provide two (2) copies of the "Data Reduction Information" (enclosure 
8) to the DSG. 

5. During the test period. 

a. Provide a "master" copy of each "Run Sheet" (enclosure 9a, 9b, and 9c) 
that will be needed during the test. This is to be done prior to 
start-up. 

b. It will he the responsibility of the Project Engineer, or his designee, 
to be present during model installation, model changes, and while 
running. He is to assist and offer input to both the Test Engineer and 
the OSD Lead Technician to ensure that installation is as requested and 
that model configuration is correct. Failure to carry out this 
responsibility may result in not runninq, or job removal from the test 
section. 

c. After tunnel start-up the Project Engineer, or his desiqnee, is to be 
present in the DAR to observe, assist and moniter the data taking 
process. Any questions or discussion not related to the operation of 
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the Model-Support Console should be directed to the Test Engineer. The 
primary duty of the Console Operator is the accurate and safe operation 
of the Model-Support System. Hold questions or discussion with the 
operator to a minimum while the tunnel is in operation. The Project 
enqineer is to establish a "Balance Zero Log" (enclosure 10) and list 
balance "no-load readings" before, durinq, and after each batch of data 
as it is taken (a "batch" number is assigned, in numerical order, to 
each configuration change or configuration roll postion except in 
instances where control surfaces are remotely controlled while 
runninq). This not only facilitates easier data processing after the 
test is completed but gives a close check on any balance peculiarities 
or prohlems as they may occur, i.e., open balance component, fouling, 
temperature "zero" shifts, etc. 

6. A blank copy of the various forms referenced in this document are 
contained in enclosure 11. 
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UNITARY PLAN WIND TUNNEL SCHEDULE SHEET 


Titl e S fL y M- Project Bigineer(a) 'SoaJQS , S/ntTT/ 


RTOP X X X 

xx X A X 

Data System Analyst(s) 

SaXc \a/ 

Job Order £? 

X XXX X 

Sponsor 

H S /)D 



Model Available Date //Y'7 

Desired 

Schedule Date 

y/i? 

T.S. # / 

Mach Nos # 4 5 

2.0 . 2. S’ 

Reynolds No(s)._ 

2 a /o c /at 

Pitch Range 

- 4 * To lo ' 

-y f 

Yaw Range "i 

Roll 1 

Range 

o“ r* /ro" 

Schlieren 

ox 

Vapor Screen 

^ Oil Flow 


Overall Model 

Dimensions / 

- - 3l* h . 

- 2o " 



Estimated Model Loads AJ.T. 

■ 6"<?C' * 

AF =3o*- 



Number of Test Configurations 

J 

io 

Est. Occupancy Time 

2 x'x's 

Eat. Run Time 

per Config. 

4 ms 

Est. Total Run 

Time 

<70 

Bat. Tine per i 

Model Change 

2l ftgs 

Est. Total Power KWH 

/.OiXX !O c 

Test Objective^ 

E'/ALU/l TT /9 St//3e/lSoAJ/C. W/A/C, 

b£ S/6 a/ 


/r)£T/Jol> 


In* tru mentation Require d &/U-A vc.tr , Pj££S. S u/tC T XV9/V Due 


Data Reduction Requirement s , /To /r> T£ 3^/^/ z /Jc£ r 

£ S2> 1 //^ £ S 


Remarks 


QYt- rZIA' • ~~ ' rr > 

’(QE ©DOR QUALITY 


Enclosure 1 


GUIDELII.l information for upwt schedule sheet 


Test Section(T.S. ) 

Mode of Compression 

Mach Range 

1 

1-1 

1.4? to 2.16 

1 

l-II 

2.36 to 2.66 

2 

2-1 1 

2.29 to 2.96 

2 

2-1 II 

3.00 to 3.71 

2 

2- IV 

3.82 to 4,63 


Estimated Procedure Tin* and Power Requirement 


T.8. Model Installation - Force Test 
T.8. Model Installation - Pressure Test 
Tunnel start-up or shut-dovn 

Change of Mach nuaber (within Mode of Compression) 

Change in Mode of Compression - T.S. 1 

Change in Mode of Compression - T,8. 2 

Time per data point - Force test 

Time per data point - Pressure test 

Average total power per hour of run time 


16 hours 

24 hours 
45 minutes 
10 minutes 

25 Minutes 
10 minutes 

2 minutes 
4-6 minutes 
26,000 KW 


OR«flSMSn KSG35 IS 
OF POOR QUALITY] 


Enclosure 2. 


UNITARY PLAN WIND TUNNEL PROJECT INSTALLATION CHECK SHEET 
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Project No._ 

Model s FJ-Ye/Z 7XX 

Project Engineers Tbok 


J.O. XXXXX Test Section 


Date 




Data System Analysis X>oE~ 

Test Starts ^/fr'7 E nds iM 


Type Tests Force_ 
Other 


Pressure 


Operating Conditions: 


X X -//) 


Mach Nos . /- 

2.0 t a.s 


Power Range 

<20 

■to ^ V 

MW 

Pitch Range 


4 C A Ho' 

deg. 

Yaw Range 

■h 


deg. 

Roll Range 

O C 

h /XC " 

deg. 


Minimum Dew Point -10 deg.F. (Std.) 


Transition: 
Grit No._ 
Sprinkle 


SO W idt h fat. 




Single Space 


Location (Perpendicular to L.E. ): 
Bose /-2" W ing 0 . 25 " 
Tail Other 


©M From: Cage — Upright S Invert . ^ 
Model-^Uprlght is' Invert. 


Orientation: 

Roll Coupling 
Balance U 


LL££l 

7 //?, 


G//r 




Model/Balance Adapter tJct-t 
Mode l nP#l6tfr 

Pressure Transducers: 

Type £SP /?*.£> /?L/<ccc 

Humber Required 3l csP wz> ul c : ±j /Juduc v 

Designation 

# 1 tuAmbCl §2 £• Ort/l/rAc#- 

# 3 *-> t f U /2 /3/ 

iS /t-so */k. # 6 *ur&t>. a//k. 

#7 #8 


/hrlUjCC 


Vapor Runs 2- (JetiPiG.. O il Flo w 21 Ccaj^.G 

Mercury Lamps lS L ase r 


Classification US C 


Balance: 

Designatio n X 

Engineer Giu / /U a/ 


Balance Parallel Wired? A/o 


Non-Parallel 


Cable : Parallel^ 

Non-Parallel Adapter 

Axial Force: Limit 


VST 


Dead Loa d 20 


lb. 

“lb. 


Span Check: At Balance Taper 

10 ft. from Taper 


Sting: 

Furnished b y A//i2>A 
Deflections: N F % PM 


No. 3SC $ 
~SF ^,YM 


Adapters : 

Model-to-Balance 

u', 77/ snobcL 

Balance- to-Sting_ 

/1 /oaJ£ 

St ing-to- Knuckle 



Knuckle No. 3 Std. Arm tS Other 

Calibration 


Angular Coupling 

+ s ys 


Roll Coupling ^ N umber 2~ A dapte r 

Calibration g O' <lc c l/jo* d eg. 

Fouling Strip Require d A/d 


Photography : Model */ X — <f ~/9c/* 

Schliere n /7s Se£ui&(S^ 
Other . 


Remarks 

/)/?C TO 30 £cjUJJ<SC rcTb yCTC /Z 
/ jX 2 Cc/O^'Q O/U L/ f 


Enclosure 3a 


.ORIGINAL PAGE TS 
Q£ EOOR QUALITY 
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MISCELLANEOUS INFORMATION RELATING TO OPWT 
PROJECT INSTALLATION CHECK SHEET 

Model Transition (Grit) Selection 

To ensure turbulent air flow over model surfaces a selection of grit size 
and location has been established for the following Mach ranges at a 
RN/FT = 2.0 x 10 6 : 

Test Section I 

Mach number - Less than 2.87 

Grit size - Number 50 carburundum (nominal) 

Application - Sprinkled (sparse) 

Width - 1/16 inch strip 

Test Section II 

Mach number - Less than 4.65 

Grit size - Number 35 sand (nominal) 

Application - Single spaced 
width - Single row 

Grit location for all Mach numbers is 0.4 inch streamwise (See enclosure 3d 
for perpendicular distances) from the leading edge of all surfaces except the 
of the nose. Normal location for nose grit is 1.2 inch aft of the model nose 
measured alonq the surface. Grit should be sized for the Reynolds number 
and/or highest Mach number to be run. See enclosures 3c and 3d for transition 
size and surface location RN/FT = 2.0 x lO*’. 

Theta Model Measurement 

The term Theta M refers to an angular difference between the model pitch 
reference and the reference flat located on the knuckle (angle of attack 
mechanism). This measurement is necessary because the measuring means for 
model pitch is a Kearfott angular accelerometer located on the base of the 
knuckle. The model pitch can be different from the knuckle pitch of several 
concurrent reasons including: 

1 . Weight of the model on the sting causing the sting to bend downward 
rotating the model more negative in angle of attack relative to the 
knuckle. 


Enclosure 3b 



2. The center of qravity of the model can be forward or aft of the balance 
moment center which would increase or decrease the model angle of 
attack respectively. 

3. An offset coupling or "dogleg" between the knuckle and the model can 
introduce an offset done purposefully to extend the model angle of 
attack range. 

4. A bent sting or balance. Any sting or balance (unless designed with a 
bend) that is detected to be damaged, deformed or bent during theta 
cage ( £ ) measurements cannot be used in the UPWT without prior 
approval from the Facility Safety Head. 

Theta M is always measured in the upright position for every 
configuration and in the inverted position, if an inverted run is to be 
made, whenever a reference surface is not available on the model, the Theta M 
is computed by the Test Engineer knowing: 

1. A term called Theta Caqe f© c ). 

2. The weight of the model. 

3. The normal force sting deflection. 

4. The distance between the model center of gravity and the 
balance center. 

5. The pitching moment sting deflection. 

These terms can be used to compute Theta M in place of a measured Theta 
M. Theta M can be simply pictured as the angular "droop" of a model on a long 
sting due to gravity. 


Model Pitch and Roll References 

All models are required to have pitch and roll references whether or not 
these references are external surfaces on the model. This information is 
supplied hy the Project Engineer and must be considered in advance of tunnel 
entry. Model pitch is measured with an inclinometer or a bubble level on a 
model surface flat aligned with the model pitch and roll planes. This surface 
should be at least 3 inches in lenqth and may or may not be parallel with the 
model waterline. If not, then the amount of difference and the direction must 


Enclosure 3b 
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he known to the nearest 0.02 degree. The measurement must be repeatable and 
not dependent upon where the inclinometer is located. Model anqle of attack 
is referenced to gravity. 

Model roll angle, measured in reference to gravity, can be set at 0° by 
the use of an inclinometer or bubble level placed on the model surface flat at 
an anqle perpendicular to the model pitch plane. Another method can be used 
to set model roll angle at 0° when no model surface flat is available. The 
tunnel floor is not level in the longitudinal direction because of the 
assymetric slidinq block. However, the tunnel floor is level in the lateral 
direction. A vernier height gaqe is used to match the distance above the 
tunnel floor to the furthest span locations on the model. 

Pressure Transducers 

When absolute or differential pressure transducers are required, the 
number and the connection, i.e., numbers 1 and 2 - chamber pressure, 3 and 4 - 
left and riqht base, etc., is to be noted on the "Project Installation Check 
Sheet" (example 3a). 

The transducer data constants are kept on file in the notebooks located 
in the UPWT DAR. Notation should be made on the Project Installation Check 
Sheet if other range or type of pressure measuring instrumentation is to be 
installed and used during the test project. 

Balance 

Ralance specifications and drawings can be found in the "Tunnel Operating 
Information Notebook" located in the DAR. Availability, calibration dates and 
other information pertaining to LaRC balances is available upon request from 
the UPWT Test Engineer. 


Stings 

Proper selection of a sting is necessary not only to ensure that it fully 
meets the requirements of the test program but also those as specified in LHR 
RR50.1 "Wind Tunnel Model System Criteria". Sting listing, details and other 
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information mav he found in the Tunnel Operation Information Notebook located 
in the IJPWT DAR. Alteration, soldering, weldinq or other procedures that 
would mark or scratch the polished surface of any sting is strictly 
forbidden. The material composition of some stincrs is such that even a slight 
scratch could cause their failure when loaded. Any of these type stings so 
scratched must he removed from service, repolished and recertified, or 
destroyed. 


Adaptors 

Model, balance, sting and model support adapters used in support of UPWT 
test projects are stored and maintained by the UPWT OSD Support Section. 
Information and assistance in the choice and use of these adapters can be 
obtained from either the OSD Lead Technician or the Test Kngineer. Any 
installation adaptors required should be specified by identification number or 
letter, if so marked. Any special adaptors that are not of UPWT origin should 
be identified by project or drawing number. 

Knuckle and Roll Coupling Calibration 

Whenever a roll coupling is to be used, a new roll-anqle calibration is 
required. A balance fixture/caqe surface or some other reference plane is 
used to obtain this calibration. A minimum of three anqle readings are 
required and must include 0°, 90°, and 180°. All test models, unless 
otherwise requested, are run in a "winqs-level" or "zero-roll" attitude. Roll 
axis misalignment, if any, between model and balance is referred to as "delta 
phi" (A<t>)« Model-roll angle is designated as "phi model" (0 m ). Balance 
fixture/caqe roll anqle is designated as "phi cage" ( 0 C ) . Periodic 
calibrations are made of the Pitch and Yaw (Knuckle/Beta) angle-of-attack 
mechanisms and print-outs of angle in raw-counts are kept in the "Knuckle/Yaw 
Calibration Notebook" in the UPWT DAR. Dependent upon model and sting total 
lenqth, normal obtainable pitch ranqe is -15° to 30° and yaw ranqe is + 12°. 
Shifts of these ranges can be accomplished by the use of offset couplings or 
interchangeable knuckle upper-link sections. 
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Flaw Angle 

The model support system can be positioned fore and aft (upstream, 
downstream) within a ranqe of 36.25 inches. Positioning of the test model 
within the test section is sometimes necessary in order to select a 
preliminary flow-angle correction from the "Flow-Angle Calibration Chart" 
(enclosure 3e and 3f). At the maximum upstream position the front of the 
knuckle assembly is located approximately 18 inches into the test section 
area. It can he moved downstream approximately 36.25 inches from this 
position. 
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Project 1 /£4± _ Job Order # *XXX \ Date 7- S~- 

T.S. # / Knuckle # 3 Roll Coupling # 3 Observer 'tf'ZtSSu/Ti- 0}/9* 9Ts*J 

Balance U T33A Bal. Moa. Ctr. 3.2" AST g ca t>,uc L 3tln* # 3 SO - 7^ 


NORMAL ^ PITCH 

si. jy - Sting / \ , 

Lmlt 700 ib. Limit ( &O0 ) lb. Limit 2000 In . -lb . Lever Arm :?* 0 in 
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lbs. deg-mlnj deg dcg-alnl deg| I lbs. 


sro -/•/*' 


isa - /3' -.«• -/• 7 ' 



.5*0 

-/* jo' 

- A/7 ' 


* so ' 

.S3' 

so 

-r 11' 

-/./*' 




1/.00 />• 

o f S’ 

Kjj ■ O.OM^SVlb 


K 


Bal. 

Defl. 

deg-aia 

deg 

-/* /' 

-/.A.2* 

+ /5' 

. 25* 



-/* 5" 


2 sro 


SO - S9' - .98' -/* 6' 


-1.0% 



s' \ SIDE 

a!./ / _ ) Sting 


lmi/ t L J~00 /l b. Limit lb. Limi t in. -lb. Lever Arm in. 


Weight®*. C. Bal. Defl. Knu. Defl. 
lbs. deg-aln| deg |deg-min| deg 


AS O 


- .s' -r r . 1.11 


y-oo + 37' v. 42 * -r 4' 


.252? - %' - ./3* -/* 6' -/.// 


-<■/£» -/' 7' -hit' 


* 38* •*-. <3* -/* L' 


-r 7' 




\ Jo o lb. 

-iZ£rr Q.tts^oiri 
loo 


nt-oz 



Bal. Defl. 


deg-ain deg Ideg-min I deg 


- V 7 * -.7/ 


+ .37* 6' 


r' 

/.zr' 


'H 


-.77' 


5T7 I ♦ Ji" I*. 57' I-/* S’' 




/• yr' 


Stf I - V*’ 



-/'5- 


-/• 4' 


K -ABal Defl -AKnu Defl 

A wt 


[/.7S--(~. 77)J / io-C-/of)J - /-76 = 

z 5a. - •« 2 - " /• 7J - .?V - •= 0.00/0 ST! 

ISO xv 

■ 0 . oojoS 7 / °/ln-lb 


K « ABal Defl -AKnu Defl] -AN/Sy Defl 
AWt x Ans 

ORIGINAL PAGE IS 
OF POOR QUALITY 


Enclosure 5a 







































































































e*UM*TT"N OATE 09 /X 0 /B 5 STRAIN-CAGE BALANCE CALIBRATION RESULTS 


26 




r* 







o 

o 



o 

o 



• 

• 



o 




o 

IM 



in 

O 



o 

e 



• 

• 



<n 

** 



m 

•o 




o 



o 

o 


o 

• 

• 


Ml 








o 




X 

o 

r-l 



•# 

N 


Ml 

IM 

O 


M 

O 

o 


m 

• 

• 


X 




ac 




Ml 




X 

o 

o 


** 

o 

o 


o 

o 

o 



o 

o 


n 

• 

• 


an 

o 

© 


Ml 




W 




X 


*> 


9 

«© 




© 

o 



o 

o 

Ml 

X 

• 

• 

«l 

Ml 



X 

C» 



X 

X 



Cl 

Ml 



M 

*. 


** 

X 


*n ® 

** »- 



►- mJ 

►“ X 

X 

• 

X 1 

X 1 



■n X 

X X 

• 

1 

HH h U 

a- 


Vf % 


14, 

m. 

XX 

X X 


a 

Oh 

O H 

O 


U X 

U X 


• 

X X X X 

a 

Ml 

O D O © 


m 

w 


X 

x 

« 

a- H* 

t- 


d 

U X 

«# 


It' s 

Ml 

X 

Ml 

-A X 

-A X 

Ml 

** 

U. M 

U. M 

mJ 

u 

Ml X 

ui X 


■ X 

© ^ 

O ^ 

y% 

’ ar 



a 

z> 

a 

M 

< 

u 


NT 

Ml 

o 



-A 

< 


ORIGINAL! PAGE IS 

OF POOR QUALITY 


Enclosure 5b 


ORIGINAL PAGE IS 

OF POOR QUALITY 


27 



l€0 AT BALANCE TAPER 



052 OP PARALLEL /NON -PARALLEL- WIRED BALANCES IN O.P.W.T. 

T»S« tl and T.S. #2 (Data Room To- Teat Section) 

Balance cables 1 and 2 are parallel-wired. 

Balance cable 3 is non-parallel wired. 

NORMAL HOOK-OP WHEN OSXMG A NOB— PARALLEL— WIMP BALANCE 

a. Ose a non-parallel mini-plug cable. 

b. Must use a non-parallel plug adaptor also. 

c. Set the balance power-supply such that the voltage at the balance is 
5 volts. 

d. Span check can be made either at the balance taper or 10' from the taper 
between the mini-cable 31 pin plug and the plug adaptor. 

Note: A parallel wired mini-cable can be used with a non-parallel wired 

balance. If this is done, DO NOT use a non-parallel pluo adaptor. 

Span check can only be made at the taper. 

NORMAL HOOK-OP MOB OS TNG A PARALLEL- WIRH) BALANCE 

a. Use a parallel mini-plug cable, if regulred. Most, if not all, parallel 
wired ha lances are hard-wired to a 31 pin plug connector. 

b. Set the balance power-supply such that the voltage at the balance is 
5 volts. 

c. A parallel-wired balance cannot generally be spanned. 

Mini-Cable Identification: 

1. Painted red means cable is 10 feet long. 

2. A parallel-wired mini-cable is marked as such. Also, there is a small 
knot in the cable near the mini-plug. 

3. If not marked, it is a non-parallel cable. 
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